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MODEL TESTS
and upstream from the valve far model 2 (Fig. 6). By conven-
_. '.'
tion, the length of the body is equal to the diameter of the
blade.
The channel used for testing both models had a total
length of' 1300 mrn = 51.18" between the pressure taps seen in
Fig. 5 a. and 6 It.. Two semicircular secti ons made up the p.206
channel--the top section being of glass in order to make obser-
vations. The inside of the channel was painted with a smooth
paint in order to have a homogeneous wetted perimeter.
At first visual qualitative tests, were conducted to
have an idea about the nature of' the streamlines, Dye was in-
jected(Potassium Permanganate) to get this effeOt. Fig. 7 and
8 show :the dye apparatus.
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It is known from studies by Poiseuille and Reynolds·
that a higher velocity, at which turbulent flow goes over to
laminar flow~ is obtained by uSing a converging streamtube.
By extrapolatio~ and application of this principle to turbulent
.flow, it could be foreseen that the eddies downstream from the
valve would be less significant for Model 1 than for Model 2,.
It was effectively checked as shown by Fig. 9 and 10 compared
to Fig. ll--visual observation without the blade in place.
This difference in turbUlence results in a smaller headloss for
Modell than for Model .2._ As a check, pressure measurements
were taken on both sides of the valve--both pressure taps being
far enough from the blade to be in the zone of uniform floW,
These measurements compare favorably wi th Model J:... _.
For the first quantitative test, the headloss
in the line without the blade was measured.
The apparatus consisted of:
1. A cylindrica~ upstream length Ll = 31.1 em =
12.25", 25 em = ,984 11 in Diameter. The charac-
teristics of the cross-section are then:
~ = 25 em Sl = 245.5 em sq
Pl = 64.3 em Rl = 3.82 em
S = Cross-Sectional Area
P = Wetted Perimeter
R = Hydraulic Radius
2. A downstream length L2 = 87.5 em
D2 = 21 em S2 = 173 em sq
P2 = 54 em R2 == 3,20 em
3. A reducer between both diameters length L3 =
11.4 em =4.49 11
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With a discharge of 155 l/sec o (5~47 cfs, V'~'9 m/s
in the piece with a Diameter D2 = 8.27
i1 ). A headloss of 85 cm
wafl measured. On the graph the, headloss plotted against the
square of the discharge came out as a straight line.
In the later tests, it was found convenient to know
what the distributi on ,of the loss between the thrce different
pieces was. A certain amount of this headloss was independent
of friction. It was du.e to contraction of the fiowbeyond the
downstream end of the reducer.
losssudden expansion
2
0.006 V2 ;
2g
Diffuser angle approximately J' = 100 (since tan d'
_ 25, - 21 = 0.1755). The coefficient ,of contraction VJas 0.927
2 x 11.4
and the Bellanger Theorem gives for
h
se
= V22 X ( 1 ' _ 1) 2 =
2g- 0.927
hse = 2.5 cm
The difference in losses
85 - 2.5 ::: 82.5 cm = 32.48" was due to friction.
By using the Strickler formula
it is possible to determine the distribution of the headloss
among the various pieces.
value of K in the formula as K = 101
hl = 9.5 cm
h2 = 67.5 cm
h3 = 5.5 cm
J = hI = 0.305
-
'1 Ll
This gi ves the
J ::: 0.772
2
J. = 0.486
3
which in effect is the Strickler's corresponding value for smooth
pipes.
27.37 11
..
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Since it had been ve.rified that a known formula could
be applied to the channel, it was then possible to repeat the
same measurements this time with a streamlined blade, similar
to the shape and dimensions of that of Genissiat. The measure-
ments ~Nere first conducted on Model ~, then on Model 1 •
Mo~l~ (Fig. 6) The blade diameter Dl = 21 em and its maximum
thiclcness 4.2 em =1.65". The minimum area of flow was 128.9 cm2
= 19.98 in2 •
The same discharge as before (155 lis) gave a velo-
city of 155.5/128.9 = 12.05 mlsec = 29.53 1 /sec in the contrac-
ted section. The loss of head--measured und.er the same condl-
tions-:-"was higher since it reached 167 em = 65t'75" against
85 em = 33.46" for the channel without a blade.
It was decided to include the loss of head caused by
the blade and the loss due to the body of the valve itself for
a length of one diameter. The body of the valve consisted of
a reducer L = 4.49", 25 - 21 em diameter
9.85" - 8.27"
a cylindrical piece L = 9.6 em = 3.78 11
Dl =8.27"
total length D1 - 21 em
Total loss of head = 65.75"
to be deducted:
loss for the body: length L 1 .= 9.5 em = 3.74 il
loss for length:
L = 87.5 - 9~6 = 77.9 em =30,67 11
0.772 • 77.9 = 60.14 em = .23.64 11
-5
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loss of head due to valve:
97.36 em = 38033 i'
If we write this loss in terms of v2/2~ (kinetic energy in the
v~lve)3 it is given by
hvalve = 0.1315 V2 /2g
Modell (Figo 5a" 5b, 5e) The blade placed in the channel w.as
25 em (9.84") in diameter. Its maximum thickness was 50 mm
(1.97 11 ). The reduction of area was the same as for the previ-
ous case 0.74. So, the area was reduced from 245.5 cm2 =
38.05 sq. in. to 183 em2 = 28.37 sq •. in.
With the same discharge (155.5 1 Is = 5.47 cra) the
velocity was 8.50 mls = 27.89'/s6c and the total loss of head
103.2 cm = 40063 11 •
The loss of head ,of one diameter--length of body was
included in the loss of the valve.
The body consisted of
cyclindr1eal part 13.6 em = 5 .• 35" long
reducer 11.4 em = 4~49" long
Total=~= 25 em =9.84"
To be deducted:
loss along a length )
0.305 x 32.3 :; 9.90 em :; 3.90" (
loss along length L2 = 72.7 em )'
0.772 x 72.7 = 56.00 :; 22.05 11
loss due to the valve
103.2 - 65.90 = 37.3 em =14.68"
65 i9cm=25 .95 II
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v2hp = 001012 -- (valve)2g .
This last result shows the better performance of Model 1
which is the~efore adopted f6r the Genissj.at blade.
P'or the construction of valves as large as these p~212
of the Genissiat power plant, it is obviously necessary to
know exactly what would be the torques and. thrust acting on the
blade, but the mathematical determination of these quantities
is almost impossible. Consequently, tests on scale models have
to be conducted.
Already such tests had been conducted by. the Ateliers
des Charmilles, but it seemed desirable to perform a new series
of measurements, more directly concerning Genissiat, by using
models reproducing exactly--in a smaller scale,the relative
dimensions of the body and the blade of the butterfly valves
to be constructed.
Here we shall give only an outline of the method and
apparatus used in these tests and indicate the main results,
(See a~ticle Jean-Paul Laurent, Revue Generale de l'Hydraulique,
No. 42, Novembre-Decembre. 194~)
When closed, the blade of a butterfly valve (D = di-
ameter in meters) under a static differential head60H (meters
of water) is acted upon by a thrust Po (¥being'weight of water)
Po = y...JL D2 6 H = K D2 ~oH
U 4 0 Po
Each of the two torques--balancing each other and act-
ing oppositely on the two half-blades on each side of the shaft--
is in kilogram - meters •
C -o -
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The theoretical discharge through a cross-section
of the same diameter as the blade would be~
or
Qo2 = Kqo n
4 c6 oH
For a blade angle 0< a di schli.rga Q is i'lowing through
the valve and the bJ.;de is acted on by flo th:,ust P and a torque C"
By analogy With previous formulas for P, C and Q2$
Kp, Kc, Kq being coefficients of the same dimension as Kpo1 etc.
are given in terms of angle 0<..
~ H is a differential head depending on the upstream
pressure H and the condition of flow downstream:
(a) Positive back pressure
This flow is obtained when the valve is included in a
line close by an orifice of smaller size than the one corres-
ponding to the opening of the valve--in the actual case the ori-
fice is the impeller of the turbine.
The flow conditions in the reduced cross-section to
the pressure of the blade are analogors to those of a flow through
a venturi and the kinetic energy of the flow within the part of
the reduced c~oss-section can be recovered downstream, in eSse the
flow .follows bheboundar1es after the blade and is unii'orm Within
the conduit section.
Under these conditiops, the values of force, torque p.213
and discharge are directly proportional to the difference 6. H
between the upstream total head He and the downstream total head
Hs ; these points of measurement must be SUfficiently upstream
and downstream of the valve to insure uniform f1ow.
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If Pe and Ps are the static pressures p va and Vs
the ve10ei tiefi of flc,w upstream and downstream of the blade
p = Tl'" D2 6H':\.1')
.-, Ke D3 LlHIe, -
Q2 = Kq D
4
.6tH (1)
(b) No back p~essu~
+ vs 2 )
2g
When the valve is discharging freely into the atmos-
phere:
=:~ vs 2Hg + ·=.00-' 2g
and
P = K D2 Hep
C = Kc D3 He
Q2 = Kq D4 He (2 )
Since there is no more Venturi effect, one ean foresee
that values of coefficients Kp, Kc ' Kq are lower than previously
(for a positive counter-pressure)~
(0) Negative back~pressure - vacuum
This type of flow is realized when using either a
suction head, either a flow velocity downstream producing a
negative pressure or absolute vacuum--leading to cavitation
phenomena. Therefore:
p.2l4
P ;= Kp D2 (He - Hp)
C =.Kc D
3 (He - He)
~ Q2 =Kq D4r (He - Hq ) ( 3)
The values of Hp1 Hc ' and Hq, which are representing
heights of water, are depending only on the blade angle and can-
not go down lower than -10 m (-33').
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rr:est·Apparatus
Fig. 12 and 13 show apparatus used in tests. By using
a convergent nozzle, by taking it off or by replacing it by a
qivergent one, it is possible to produce the three different
~ype~ of flow listed above.
Measurements were tEl,l.~en with two model s of valves, the
first one 200 nnn in diameter (7.SS"), the second one 155 rom·
e6.1~ II.), whichpermi tted a check in the app1icati on of 1aV1S of
similitude to the data obtained.
The valves were set up in such a way that it was pos-
sible to measure the torque acting on the b1ade~ as well as the
ve~tical and horizontal components of the thrust by means of a
dynamomenter (Fig. 14 to 17), The discharge was measured by
means of a calibrated weir.
Data p.216
The diagrams of Fig. lS, 19 and 20 show the values
of the coefficients Kp1 KC1 and Kq plotted vs. blade angle 0<,
tI
for flow without back pressure.
The diagrams of Fig. 21-22 and 23 are the same plots
but for positive back pressures.
The thin lines curves of the diagrams show the p.217
data from previous experiments by the Atelier des Charmi11es.
Both series of tests are consistent. The differences are due
to the variety of models used: The first ones had a cylindrical
body instead of a convergent one as for Genissiat, and the pro-
files of the blades were different.
In case of flow Without back pressure or with p.2l8
positive back pressure, it appeared to be necessary to consider
..
.-
-10
GENISSIAT .. I'Turbine Butterfly Valves"
p.2l8
the terms He and Hp f'rom Equation 3, and even in the first
case to consider HQ•
It is explained in the following way: In case of
free dischar@B, the part of the body of the ~alve which is
downstream from the bearings has still some influence on the
flow,.apd therefore it is not entirely right to assume that
pressure is atmospheric at every point of the downstream face
of the blade.
. ,:,
It can also be noticed that for the case of positive
back pressure flow, the downstream face of the blade is certainly
sUbjected to a pressure, the distribution of which1s varying
under the influence of eddies of water around it.
Tn both cases, value-s of these terms were small and
did not usually reach 3 m (10 1 ), so that their infiuences are
practically negligible as long as the pressure He at the entrance
of the valve is several times 10 m.
It 1s interesting to note the influence of the change
from positive ~o negative back pressure flow, which occurs with
emergency closing of the valve before shutting down the turbine.
In orde~ to simplify following paragraphs, the turbine has been
changed into a nozzle of same discharge cross-8ection~.
As long as the area of flow through the .valve stays
larger thanj(1Li a back pressure is maintained downstream and
the torque and thrust can be computed as follows:
Let Hb be the static pressure,
A ='" 1 + A2 , the coefficient of headloss in the con-
dui t up",: and downstream the blado,
m = coefficient of flow of the nozzle,
-11
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or
.
.
Q2::: m2.l\2 2g (Hb - DoH - AQ2)
Q.2::: K (Hb - A H - AQa), K::: 2g m2 .r~1.2
Q2 (1 + A) ::: Hb - .6HK . .
Q2 is a linear function of 6H, and if it 18 noticed that
Q = 0 when L\ H ::: Hb
Q =~. 6H::: 0
it becomes possible to draw (Fig. 25) the straight line
Q2 = r ( ~ H) characterizing the nozzle.
The straight lin~s characterizing the valve, for
different plade angles o<.l~ 0<. 2of the blade, are obtained
from the equation
Q2 = Kq D4 AH
and by reading the values of Kq from the diagram of Fig. 23.
Then are drawn the curves of Q (No.1), 0 (No.1), P (No.1)
p.2l8
of Fig. 26, 27 and 28, which give discharges, torques and thrust~
in terms ·of c:f-., for the case of posi tive back pressure.
The second phase of closure begins when the flow area
of the valve becomes smaller than the area of the nozzle. It
is characterized by the appearance of the negative back pres-
sure type now" to which' curves Q (No. 2),0 (No.2), and P (No.2)
are corresponding (Fig. 26-27-28).
On the other hand, these curves are corresponding p.2l9
to one of the tests performed on the model of 155 rom (6.10 11 )
diameter, the diameter of the nozzle being 94.5 nun (3.82 i1 ).
The pressure at entrance was He ::: 22 m = 72.2'. In order to
use the data, values of Q, 0, ond P were calculated for a valve
diameter of 1m = 3.28'.
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When studying the curves, they show consistancy of
results for the values of discharges and torques computed by
means of the coefficients taken from the diagrams (Fig. 18 to
23). At the moment of establishment of the transitory regime,
for a blade angle of 50°, there is practically no contin~ity in
the values of discharges and torques.
But the P curves (No.1) and (No.2) reprosenting the
thrust in the two successive types of flow are not crossing
each other, the thrust corresponding to the regime of negative
back pressure is never reached, despite the tendency of the
curve of measured values (broken line) to approach curve P
(No.2). But the differences from the values of P (No'. 1)
curve disappear quicmy and at the end of the closure, the blade
is only acted upon by the static thrust on the cross-section of
the body of the valve, which corresponds well With the actual
results.
'",
End of Section on
Butterfly Valves
p. 219
